INTRODUCTION
Digital imaging will soon become common-place in many areas, including the home. Many people already have powerful home computers and colour printers, as well as digital cameras which are fast becoming an a ordable accessory with quality at least matching that of the cheaper`point-and-press' cameras. The result of this switch i n t e c hnology is that home photograph collections may soon be held in their entirety in digital format such as on CD-ROM. It is envisaged that even existing paper-based photographs will be digitised and added to people's online collections. The drawback of such a storage method is the removal of the owner's ability to` ick' through the database to nd particular photographs. Thus a database query system is required to replace this facility. Current systems tend to use numeric and textual tags to access information which i s a suitable approach for text-based entries but loses its relevance for image storage. When looking for a particular photograph in a collection, one does not generally employ textual descriptions -rather a mind's eye view" is used to guide one's searching. Thus information about the actual content of the image is used as the search k ey, and this fact should be taken into consideration when designing an image-database query system. Previous work has recognised this problem and has employed various techniques to solve it. Several approaches have been developed which employ image content in searches of image data bases, including QBIC Flickner et al 4 , Photobook Picard and and Liu 11 and ART-MUSEUM Kato et al 6 . Global image content information can be employed to provide syntactic pictorial indices as illustrated by De Marsicoi et al 3 . These are generally based around four particular feature types: Colour Texture Shape Spatial Relation Query By Image Content QBIC for instance approaches the task by analysing colour, texture and shape in the image 4 . Texture is examined on a global scale by the extraction of coarseness, contrast and direction as comparison features. Colour is employed by the generation of a histogram for the entire image to which F uzzy K-means is applied in order to identify similarities in image colour balance. Another method of representing colour is given by Chang and Yang 2 . An image information measure is given by the minimum number of pixel grey level changes required to convert the colour image to one of constant grey-level. Images with di ering content will result in di erent image information measures and this can be exploited in comparisons during a search. A novel approach to texture is employed by Photobook developed at the MIT-Media Lab. Based on a new image model using the Wold decomposition for regular stochastic processes 3 , this technique orders images according to their textural distance between their Wold components. This can be employed as a quick, rst step match in an on-going query.
The techniques discussed thus far have concentrated on global image content. However, one should consider how the content of the images is represented when searching for particular photographs. For instance, if one is looking for a picture of a car, then the global characteristics of the photograph are not generally important. It is the presence of the car itself which is signi cant regardless of what surrounds it. Thus when employing image content in database queries, it should be local information about objects contained within the frame that is examined for search k eys rather than global information. This requires that some form of object classi cation be performed on segmented objects within the scene.
Automatic segmentation of images is a complex problem to address -the process that the human vision system nds so simple is less than trivial to implement with an automatic algorithm. QBIC approaches this by employing the user to help with the segmentation. As well as the more regular colour-boundary ood-ll, the production of segmentations is achieved by h a ving the user identify rough regions-of-interest and using an edge-detection algorithm to pull boundaries into more exact shapes by searching for high gradient colour changes nearby the user's sketch 4 . ART-MUSEUM uses a similar approach 6 . A second technique is described by Samet 13 whereby the image is subdivided according to the presence of relevant points within a given quadrant, forming a hierarchical data structure based on quad-trees. Although there are overheads associated with this technique, it can be e cient for the accurate analysis of areas of the image such a s the intersections of region boundaries.
With a usable segmentation, local information can be employed in database queries. An extra feature which i s i n troduced by this situation is the shape of regions. Several techniques for handling shape have been reported including the use of the nite element method in Photobook as described by Sclaro and Pentland 14 and chain-codes as seen in Grosky and Lu 5 . QBIC extracts a number of shape-related features, some or all of which are used in a given query, depending upon the preferences of the user 4 . Another approach is described by Mokhtarian 10 which is aimed at the identi cation of isolated objects but could prove useful in a segmented image. In this technique, object boundaries are segmented and each segment is classi ed as convex or concave. The Curvature Scale Space representations of the concave segments are then computed and used with a matching algorithm to obtain similarity measures with other objects in a database.
When considering more generic query systems, neural networks have been used to a high degree of success in the classi cation of objects held within 2D images as demonstrated by Campbell et al 1 where a Multi-Layer Perceptron MLP network was used to classify a closed-domain set of images with xed characteristics. However, the nature of MLPs means that a large set of classi ed training data is required in order to produce such a result. When dealing with photograph collections, it is likely that only tagged data available will be the object selected by the user as a search k ey. Thus the large volume of training data will simply not be available. In the analysis of input data, MLPs use hyperplanes to subdivide feature-space into segments representing meaningful classi cations. If it assumed that the data can be clustered in this manner then it reasonable to expect that points in feature space which are close together represent the same class. Thus if a single feature space point is o ered as the search k ey, then a good starting point is to select those regions which are closest to it in feature space by some distance measure. Once more data is available, additional clusters in the data can be identi ed and used for classi cation in a similar method. A technique which encompasses this approach is the use of Radial Basis Functions RBFs in a neural network in place of the MLPs. RBFs were rst embodied into the eld of neural networks principally as results of the work of Powell 12 and Micchelli 9 . An RBF node is placed at the centroid of each cluster and trained to identify classes which in the case of our search will simply be`Yes' or`No'. A node is supplied the position of a given region for consideration and outputs its appropriate activation computed by an n-D Gaussian distribution function giving the con dence which the node has that the given region is a member of its class. A two-layer MLP is used to correlate the activations of the RBF nodes to provide a simple y e s n o response to the input feature data. The magnitude of this response allows the system to rank regions held in the database in order of the network's con dence of their membership to the class of object described by the user's original region-of-interest.
METHOD
A system has been designed which employs RBF networks, generated and trained on the basis of the user's selections and image classi cations, to search unseen image databases of real home photograph collections. It consists of two stages: pre-processing and query. The pre-processing is carried out on the image before any query takes place and consists of segmentation and feature extraction. The query phase employs a specially designed front-end to allow the user to make selections and classi cations and to display the results.
Pre-Processing Stage
Before any query is undertaken, a once-o preprocessing stage is carried out. A colour segmentation is rst undertaken using the fuzzy c-means FCM technique described by Lim 8 . Initially, a coarse segmentation is performed using thresholding to reduce computational requirements. Any subsequently unclassi ed pixels are then classed using the FCM process. A ood ll algorithm is then used to assign a unique identi cation number to each region. This usually results in a number of extremely small regions which w ould be of no use to an image retrieval system. To a void this situation, regions below a certain threshold are merged and the image is passed to the ood ll algorithm once more. Any regions still below the size-threshold are then assigned to the`zero-region' which contains otherwise unclassi ed regions and is excluded from any classi er training or query cycles.
Once the meaningful regions have been computed, the feature-extraction can be carried out. A feature map is created for each image in the database, and contains a vector for each region number assigned during the second ood-ll pass. This allows the mapping of individual pixels in a given image to its corresponding region and feature vector during the query phase. The features which are extracted are colour, size and position although accommodation has been allowed throughout the system for new features. Once the entire database has been processed in this manner, the data is normalised in mean and standard deviation to avoid biasing by di ering feature ranges.
Once the o -line pre-processing is complete, a frontend allows the user to perform on-line queries based on the information obtained here.
Query Phase
In order to carry out a query, the user must rst identify his query-key. This is done by identifying an object of interest in a key image selected by the user from the database. A front end has been designed to allow point-and-click selection of regions representing required objects. A single region can be selected for this purpose, in which case its feature vector is used as the search k ey. Alternatively, a combination of several regions can be selected. Here, the search key is produced by proportional representation of the magnitudes of the individual vectors according to the regions pixel count to produce a single feature vector. This forms the basis of a single class classi cation system where the system is progressively`tuned' in its ability to identify the class of object given by the user.
The resulting vector, however produced, is used to locate the centroid of an RBF node within feature space which will be used as the starting point for classi cation of other regions belonging to the user's required class. This classi cation is carried out by presenting pre-extracted feature vectors of other regions in the database to the RBF node and choosing those which maximise its output activation based upon an n-D Gaussian distribution function with an initially-spherical standard deviation. Regions which result in the highest activation are ranked, ordered and presented to the user via the front-end. At this point the user is invited to classify the images. This is performed by assigning a`Yes' or`No' to each c hosen region in response to the question of whether they belong to the same class as the initial chosen key region. Note that only one region per image is selected for classi cation being the highest scoring region within the image's segmentation. This results in a set of tagged vectors which can be used as a training set for Kohonen's Learning Vector Quantisation LVQ package Kohonen et all 7 in order to cluster the data according to its Yes No classi cation. The code-book entries give rise to a set of vectors which are then used as new centroids for a selection of RBF nodes. The number of nodes created depends upon the output of the LVQ pass. The standard deviation of the distribution functions can be calculated from the positions of the tagged data within each cluster. A pass is then made of the database matching regions to the new clusters by maximising the activations of the clusters corresponding to members rather than non-members of the search-key class. Once again, only one region per image is selected for presentation to the user to maximise image spread. Regions which w ere previously de ned as not being desirable to the user through the classi cation phase are excluded from subsequent searches, although other regions within the same image containing the barred region can be chosen. The user is again invited to classify the resulting images and a further pass with the LVQ package is carried out, including data from both classi cation passes, to re ne the positions of the RBF centroids. This process allows the user to de ne the generalising ability. For instance, if the user is looking for any car then a`Yes' response will be given to any picture of a car. On the other hand, if only red cars are required, then saying 'No' to any but red cars will re ne the parameters of the classier. Once classi cation has been carried out, a further search of the database is carried out and a new set of images is produced. This re-classi cation and re nement process continues until the user indicates that further images are not required.
At a n y stage, the user can choose another image from the database, not selected by the classi cation process, in order to`steer' the learning process. For instance, if the user feels that the examples being chosen do not closely match the initial requirements, then they can add further example regions-of-interest to the training data in order to re ne the classi cation ability of the system, simply by displaying the image and clicking on the required region.
Any information resulting from query runs is stored and available for use in further queries on the user's photo collection. Gradually, the system learns the nature of the images contained in the database as well as the type of queries the user might wish to make. Quick access to previously-de ned classes can be o ered as well as the ability to retrain a given class on new images.
RESULTS
Initial results show that the approach described here can produce signi cant results. A test set of 100 images was used to assess the performance of this technique with a variety of images chosen from a digitised collection of home photographs. Home photograph collections tend to have natural groupings of images depicting particular scences, such as holidays, children and parties. The content of the test set was chosen to re ect such groupings, rather than being a random selection. This would would enable the ability of the sytem to choose similar images from a key to be closely examined. It was found in general that three or four passes of the user-classi cation stage were required to nd all images within the database depicting a particular class of object depending on the quality of the segmentation in a given image.
An example of a typical query is shown in the gures. Figure 1 shows the original key image with the hilighted region-of-interest being the darker road below the go-kart. Figure 2 shows ten images returned by the system. These images contain regions which caused the highest activation of a single RBF node whose centre is located by the region-of-interest's feature vector. As can be seen in gure 2, six out of the ten images depict roads of some description. Note that the regions actually selected by the system are not indicated in the gure, but are in fact the roads depicted in the scenes. The user is asked to classify these regions as being positive or negative examples of the original region-of-interest and the result is passed back to the LVQ training algorithm for re-clustering. After three such cycles, the image set shown in gure 3 results. Here it can be seen that all ten images contain road class regions. In a second example, the initial region-of-interest was chosen as a b o y's face with the aim of nding other faces in the database. After four re-classi cations, the set of images shown in gure 4 resulted.
During the testing, an assesment w as undertaken of the e ect of enabling the user to add extra regionsof interest examples of the region-of-interest to the LVQ training data. These regions had not hitherto been automatically chosen as being an example of the user's key region-of-interest but could be deemed as being so. They were chosen for their membership of the class in question and for the fact that their appearances were somewhat di erent, and had hitherto not been selected by the classi er. The e ect of this action was seen to be an increase in the generalising ability of the system. Sets of regions akin to the new region-of-interest were chosen by the automatic classi er as well as those more similar to the original key.
CONCLUSIONS
This paper has demonstrated the e ectiveness of the approach of using region-based feature data as keys to an image database query search. The classi cation engine required for this form of query has been implemented using a RBF network and it has been shown that this can provide signi cant results using low v olume training data provided in the form of feedback from the user on the progress of the query. Having proven the feasibility of this technique, it is hoped that improvements to the feature set will result in higher system performence. It is also envisaged that extra tools will be added to the query system such as the boolean combination of regions-of-interest for more detailed and customised query keys.
It is also envisaged that hierarchical class structures can be built up containing super-and sub-classes. For instance, a super class containing all examples of buildings may exist, as well as a sub-class of churches. The manner in which this form of structure will be created will depend on the user's requirements. The initial key for these images was a boy's face.After four passes of re-classi cation by the user the set shown resulted.
